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#^A]s(I x ')(I y ')^ ^ a.bS* Ixo.Iyo 

^1 2:3 ?i 0 *H «lti^ J± 1^1*1 #^il3l(Ix') (Iy 

£3! I X o,Iyo 7 } '0'°1 =1-^, a,b7} &<£® 7M^, t-^^lS:(I x ') 

(Iy') aH^H 90° m iP7} V'o] ii^*>fe ^ 3#7fl ^ # 

7 ] #^^3Kl x ')(l y ')sl iL"3^ #^^l^(I x ')(I y ')l- 

me = arctan(I y 7l X ')H1 $\^(e)-$r ^*Rr A 4^A]S. ^£ 

2 ^ 4^ efl 01 7} .g 7^1 oil A i ^ K $ si ^ 7 1 3 £ y l y 3 .2- 2 
2. 5 
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#■$7$. 3-3!. h1^<8. 
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^{Method and system for correcting the non-linearity error in a 
two-frequency laser interferometer} 

r: 2 ^ * T^HHH ^-^' 7 1- n fl 90° A # « V ^°lH #33 

^ Sl^tr 24°J ^ ^^^l t #^^1s(I x )(Iy)S.^ , ^(offset )°1 

Tj^o] 7^o.t^ ; ^ *^a]^(I x )(Iy )^ ^ A o V *H?} 90° 91 H ^1^14. 
H 3£- H 2<^*\$\ ¥ #^^l^(I X )(lY)°fl ^ ^ A >^ ^(Lissajou figure)^- 
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5. 6£ ^ #*mhh °i A ^ ^-*> 7 > 11,1 90 °^ Ao> " # - 

Al3L(I x )(I y )S.^, £'i!(offsetH $U, *L# d l " #34!aL(I x )(I y) 

5] ^^H^r 90° 7> Slfe °^ ^H 1 }. 

^(Lissajou figure)*-^, ^Hl ^*fl **HH 

a}-^ ^O.^, ^ o]^9) ^A^r 

c 9^ *[7)%t&q ^01^-^71 (Capacitance-type displacement sensor)^ 
yj^l^ «lH^r °fl5L-*1, ^ 

1 : x-] (Frequency stabilized laser) 

2 : #£37KBeamsplitter) 3 : ?1 (Polarizing 
beamspl itter) 

4a, 4b : T^(mirror) 5a, 5b : ^%^(Polar izer ) 

6a, 6b : % 3 #?1 (Photodetector ) 7 : 90°fltf ?1 (90° phase shifter) 

8a, 8b : ^-H (Mixer) 9a, 9b : ^4 ^(Low-pass filter) 
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11a, lib : H-lM (Offset adjustment) 

12a, 12b : H ^ ?1 (Amp) i tude adjustment) 

13 : H^7l (Phase adjustment) 

14 : A/D ^^7]( Analog-to-digital converter) 

15 : D/A ^^-71 (Digital-to-analog converter) 

16 : ^ Ell °ll-( lookup table) 17 : °H 3.^*1 (microprocessor ) 
100 : #^31 200 : 90° 

300 : «]{d^ i.*V i^-f 400 : 

<24> 2 ^2K- eflol^ TV^HH^ Zjo] S^-g- ^^7| ^^WJ"^ * 

«1^ ^ y o V ^ ol-g-tr ^ Vz i ^8*1 ^tr 

M^HH ^Slfe ^7] ^o] SL*\ ^, -g-fl, ^ A o V *§~£ J£ 

■i^-SLS.^ Qo] H ^-£1- 3.711 ^HM^ ^ °vl£^- 2 ^Spr efl°l 

^ ?HHHH2] "a°l ^"3* ^ ^^ y o V ^ £ -£*r iL A o Vy o^ ^ 

<25> £ l£ 2 ^3>^ efl^l^ ?J^7fl# Zjo] f^ofl ^-g-^>^# ^-ffi} #«M1 3 
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<26> Eflo]^(l)6fl^ t?l£H, *]£. ^Mi^JL 44^ ¥ ^4^4 Eflo]^ 

^(ojsHl^^, 43- 4-E ^4^# 44^ Ell °1 4 %^r4 ^r4-r# 44 <u i 

4 W2 4 bt>jl, °H cH-g^fe zj-zj- A 2 z\ 4^-# 44 A 

4 B4 *H, a7l 44 Q A 4 Q B 4 *>4.)^ %£44(2H 4*11 1-3. 

£44-b3l, ^ zjo] 7l^^ 4~§-£4. 

<27> ^-« : ^ 7 l(2)oll a]-A> -g-e]^ 4^%^ efl o] ^^ofl cfl^H 45° 3. 

¥°J 3a^(5a)-i- ^-4*> -f # 4#4(6aH <34*H1 £4. 

<28>olnfl ^ ^ *d^## £fe ¥ #^r4 ^.47l^(Eri)(Er 2 )^r <42fl4 

^44 1,2^ S*l£4. 

<29> !] ^i^expt/Xco^+e,)] 

[^v.^ 2] ^2=#exp(7(<» 2 ^ B )] 

<31>aj 7 "|4 S7l 44^4. #4#4<6a)4 #^(I r )^ 444 ^ 

34 2*1 £^4^r ¥ 44 4 %^9] Ti^j^lS^- -^#4 711 €4. 

<32> [^il 3] ^ oc (^ 2 +^ 2 )/2+^cos[Aco/+(O s -0.,)] 

<33><^7lAl, z/o/tt ¥ 444 #^?4 ^ir}^ sHffli-ffliHji, ^44 34 ^iL^ 

7l^tU:s. 4-S-44. 
< 34 > ^( frequency mixingH &-g- 4-f %£-4 7 l(2)# *4^ 444 

#3-4 4 (3H ^3 4^ -at^^s ^4 44 #S £-444 

aV^AS 2Mf S Hel#(corner cube prismH 4-8-4 4 -8:(4a)(4b)3 44 



<3()> 
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<35> a)y)A]. ^ z])o}^ cfS. ^ S ( Ll )(L 2 )( a} 7 ] *) , ^^OH 

ji^7l-g:(4a)^lfil 7^ ell-, ne|Ji L 2 tt °l-§-7i-§-(4b)*>*13 Tie]* 

*1 " ell °1 ^1 J <N^1 ?_Ml^-£7} -9 711 S^K 
<3C» o}nfl ^-.*) ^ y^^^-o. eflol ^ ^.x>7l^-(Emi)(Em 2 )^ *l-efl3 

4^v,m 4>5 5l- ^ol i^sjrf. 



<37> 



<3<3> 



[^«S-.i] 4] £>wi=^exp['(ffli' + ^)] 
[-^i-ii 5 ] £'"» 2 =^exp[/(<» 2 r+e fl H-e)] 



<39> olE^ # 3#7l(6b)3l #^(I„)£- ^ 4,5-^ 5.^3^- ¥ 31 °1 *1 

3 TlSMS ^#£1^011, ol^ ofsflo} ^?VA1 6 4 ^-ol a^Sl^l, ^^IJlS 

<40> [^^-Al 6 ] / m ^(y4 2 + J B 2 )/2+yl^co5:[zW/ , +(0 B -e^;)+9] 

«fl t^M, ^Zflfil 73]- ^Ol ^ ojcf. 

<42> [^tj-il 7] e = 4n«Z,A. 

<43>o^7lA^ n £ eflolx-1 ^-^oi f^Kr nM(J±-§-, •^•7l'# ^tVt^-.)2l ir^f-o] 
oL, L ^f- 7l-i-(4a)(4b) ^-M^ %^3-*KL r L 2 )°}K)-. ^ ^«, Vi l 3^ 6^ ^ 
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#4^9] ^s}^ sfo] j^g] nfl^o] ^ 3 |-^( beat frequency)* ^^^s] a] 

Jl( sinusoidal signal )S .^s. 

<45> ^x4 ; 90°3l# €^7](7)S4- ¥ 7fl^l ^H( 8a )(8b)S ##7l 
(lockin-amplifierHH 90°^4 V ¥ <tl5Kl r )(I m )# 

<g^^o> ##me)2] ^«y(sine)4 (cosine) ^eJM «lafl*>fe A Jit # 

B^}?fl ^Cf. o$ 7 ]X\ t Q0° 2) *}°)7\ *4fe M><^4 ^Efl^ tl^fe O] 

<46> 90 °£]^ £^JjL<q -7]^^- ,xH)§l cf^-JZj- ^ njj^o) AjJr( Ir )( Im ) 

# 7 l(6a)S^-Ei^ nfl^o] A]^( Ir )^ ^sflo^ 7 )§ °Jj^ol Ai^sq. 90°3K> 

£*7|(7H1 s]€fl 90° ^-^M 7]§ Hfl^ol a]jt S uf^xlJi, %^#7](6b) 

§«fl;^ ofefls] ^*v.ii 8f 9 <4 =l #^£l7fl ^cf. 

<47> j^^ai 8 ] cos(AwOcos(Aco/+e) 
<48> [ + f>V+) 9 ] / r oc sin(AcoOcos(Aw/+e) 
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<49>^o] AlJr(I x )(I Y ) ^ JL^Z} S$$o] 7^S\ 3)Ei(9a)(9b)t- ^444 4 4 4 

4 *a-tfzK0 j^-a- 4^4 ^44 10,11^- <js(i x )(Iy)^ o i 

€4(9a)(9b)5^-4 #^4i ^cf. 

<50> 1^4 io] / - 0Ccose 

<5 " 1^4 111 / >' a:sine 

<52> °]o) ^«vai 10 3). ^i^(i X )(i Y )i- ^4, -£ 24 "a- 0 ] ¥ -ai 444 

90° 4 44 44lt 7>44, 4#4 ft^r 44 4 44, 4 

# 4^r4. se*K 44 ^1s(I x )(Iy)1- 4^2 4-S314 X, 4-S-4-4 ^-4 

44^t ^eJ^ £ 34 £oj ^ta*V ^ nelTfl 44. 44 44 4ti4 .2.44 
104 115. 1144^ A]jr<|3 3 o. op o Vzv tf^ o>2fl^ 12S .a 

4 4-r 4 4 ^ ^ 44. 

i2] e =arctan (V 7 P 

<54> xl^-^xl M^*V ^gflo} 90° 4 4 S.^o\] 4^ %-g-^7](3)o)) 4*fl 

4^4 4€- 44 4 ^r(<yi)(<y 2 ) 0 l 4<3 44 ^44fe 444 4 ^-r-°fl 4 

<55> zl44, 44 44 ^4^ ^ SH 4^ £44 4^44 443 4 S 
4£ 44 #3-4M 4444. ^, 444(1)^44 3144 4^4 44^4 
(non-orthogonality of the polar i zat ion)4 441 ^ (el 1 ipt ical polarization), 
44 #£-44(3)4 4^4 -344 -1:444 444, ¥ ^4^4 4£4 
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<56> oisf £^ ^(frequency mixingH] ^*fl 6 )4 -IN n 5 - 

<57> ol«4 ^o] 2 ^3}^ gflol^ Ti^MHH 90°^# i^M^-ir y o V 

<58> a o V-7]^ a>s^ ;y-.g. ^-eflo} *]-§- *fll*M £ #^^r 2 ^^Hr efl ol ^ 7> 

y^ofl^ ^^zV ^;g-g- Af-g-S] ^ 90°^ # W 7 HH #^£l^r 4^14 3 

4°J I^t -g-^]. ^-g- Ji^^S.^ 2 ^^Hr 

3M*1 iHMMHs] zJo] *-^o] ^Sj-i^ £i7ll IMM^l a]^^ _o*> 

5lM*l 2:^1 s4 90° ^ 3 #4 ^l^* tM^M, ^ ^ 
o-ofl ai-AV^ ^ ^s)-^ efloM L^°-5L ^€ 7 ^°1 ^-fr 

sLn m )°fl ¥ ^^Hr flH*l -^'tlJLU,-)^ 90°^^- £ 
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7l^Al^(I r )# ^ 3.^3} ^-g-i: ^E^^H #^ 'tis. 

(I x )(I y )« ^*Kn, 7 J°1 #® $\^Aie)% ^*Rr 2 ^A 

^ eflol^ ^HWH^I ^-^-i: ^U-fH A o v ^l 90° 

i xo ,i yo nelJi b^^I^I: -y^Ji, °]t oVZflsl ^H--H1 

<60> e=tan- 1 [cos ( f ) (sin^+(6/a)(/ J( -/ ;(0 )/(^-/^))] 

<61> £ Cf^ *3>»>H1^, 2 31 7>^7]lSf 90°^^" ^ 

jI-U % ^1 ^ ^1 ^r^l ^ A >^1 " tS}t 
sL ^€ 7 J°1 ^^-i: ^ ^tl^OmH " ^r 3 ^ 31 °H 

E^ o] Aj^o] ^ a.bSj" -g"^ I X o,Iyo A^}^ 

xfc f o S ^ cflo]^s. 4 #341:£(Ix)(IyW ^ ^ Efl^l-i-C lookup 
tabled ^W((9)^- ^« °fl # 7 1 90° #^3tt 
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#^l3UI x )(I y )^ ^-ir °l^jHr *\W(6)& ^7} ^<% Eflol^-^L^Ei %]o] 

<62> 0=tan- 1 [cos ( |,(sin^+(^X/ jt -/ jfo )/(/ J ,-7 yo ))] 

<63> £ wv^o) ^ ^ -^H^r, -2 Z]]o]z] ?} 90°^ # 

olx-l TH^S. 7 )^Ji(I r )$l- 90°^ -tf 7 l^^(I r )# £ 

#^^ls(I x )(I y )B] ;M a,b^ £3! I xo ,I yo 0^-2} e}- 

jL(I x )(I y )S] ^..^4 ^ ZLE]JI ifl^-i- ii^§>7l ^ 2:^ ^l^^- 

•y^(I x ')(I y ')s) -§-^1 I xo ,I yo 7> -O'ol 5]jl, *}^- a .b7> &-g- # 

^-aSKlx'XIy') 90 °1- ^oi^ 07} -O'o] slii^- j±3s}fe 

<64> a. «v^o| g= 43. ^A]^]^, 2 ^sHr 3H*i 90°^ ^ ^^ VJ r ^ «1 

<8 .SL^V fl-^ -n^ ?! ^l^Tl^on auis} =. ^4 
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o]^ %4-2\ ?}^£LS. ^€ 7l^tlSL(I r )2|- 90°^# ^l^^l^(I r )l- £ 

Jf^i zjo] <a.tfz}-(0)-g- 2 ^^Hr efl°l^ Ti^MH^ U°l 

#3 ■a^dx' )dy')^ ^ a.bfi} -a- ii 1 Ixo.Iyo ^#*> 4>~r£\ ^\Q7\]-r% 

3)#*hTr A HcMI^, # 7 1 -t^^SLdx' )(I y ')^ Ef^^-^^Ui #53^^(I X 

'X'lv')^ ^ neU $]#£ ^ ^ -Htf-i- 31 #*}^ *f| 2 

(Ix'Xly')^ &# Ixo,Iyo 7 > '0' °1 51 51, ^ a ,b7> 7>*H, #^ 

JLd x ' )(I y ') 90° 1- ^#*> ^7> 'O'ol Ji^fe 3# 

31 3\ #71 #^-aS(I x ')(I y ')5l -J]^, ^#°1 #^^lS(Ix*)dy 

'.)«■ ^l-Efl^ <Hl 3-8-*M ^#4(^)-ir 3l#*fe 53 



<65> 



6 = arctan(7 /7 ) 



<66> ol^HH-cr ^3 -gAlofll- nfl ^gflo] ^o^*v ^ Tfl 

(100)fif 90° 3 # ^-^(200H1 tfl$ -M^S] ^^=*>al. -S-^t} ^-S. 

< 67 > £ 4 m 5: 5^ ^f- ^^Hr Sflo]^ 

7 lt^(I r )2} ji^ ^ o]^7l^(4a)(4b)^ ¥ ^r^Hr efl°l*1 2 cMr^ ?i 
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31(100)2]-, -#7l ?Hj*ll(100H*1 ^A]jr( Im )ofl 7l^-tls(I r )«4 90° 

3# 7 l-ril^(l r J» -f ZL^rA ii&I^H # 

t-^-tl^(I x )(Iy)# 90°^ ^^(200)^4, «l tl^ 

^ -¥"(300)^1 H #^S1^ #5] ili(I x ')(I y ')f 2]c«flW]-o> Aj-v) 

#3 ■tl^(I x , )(I y , )Sl a.b^f, I X o,Iyo 3 0 ERi3l 

^S>JL. ol^«Ei ■tI^(I x ')(I y , )Sl ^4 ^^-g- Ji-^*>7l ^ 

£ 2:3 A d" 7 l 711^ 2^*l 0 *Hl 51 SI] #^^(I x ')(:i y ')fil 

Ixo.Iyo 7 > '0'°1 ^ a-b7f ^-<H*> 7>^H, #Sj ilsdx' )(I y ') 

(300) ^ ^ 7 1 »1^ -2-*> Ji^^OO)^-^ #^£l^r #3 tlJl( I x ' )( 1/ )# 
Sj" ^1 ( ^ = arctan '^x ') ) ofj ^^-€rH ^^((9)^ -7-^1-fe 3 #4 7lK-V-^(400) 

<68> A^]^]-^ AV 7 ] tJ-a] ijKlOO)^, ^-2l-^7> /^S 4^ • 

&-ir 4fe elM7i ^(^1(^)1 U^fe *IM*]<1)^, # 7 ] z]] o)^ 

7l(3)^| ^^1-7] <H*V ^^-^r(5a)-g- ^ #3#7l (6aH] 

S3 A >*>71 ^tl 71^^-O.S 44 £-2}*Rf ^Bl7l(2)^, #7l #-g-B] ^ (2 )£] 7] 

^^MH ¥ 31°l"*l IKI^S! 7l^Aijr(I r )l- «M<8a)4 90° 

^ A o v ^*7l(7)"11 71-7]- 3^*Rr ^^#7l(6a)^, A o v 7l ^eM^HH #^£] 
*r ¥ efl°l*1 ##<5} ^7^-3- al^?1-g r (4a)4 ^^7^( 4b )oi] 9Ja>a]^c]-7> «v 
^>s]^ Eflo]^ ufA] ^*}-tV ^ £#*(5b>-|- **ll %3#7H6bHl ^ 
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#«Hr ^e) 7 l(3) £ ^-71 71(3)^1 ^*<MH ^ Z])o}^ % 

7 K6b)s. ^ °a^. 

<69> 3E^r, ^71 90°$\<# -£^(200)^, ^7} #3#7l (6a)^l ^ 

7l$--tl^(I r )l- 90°^# ^H(8bH -^*Rr 90° 3 # €* 7 1(7)^, 

#7l #3#7](6bHH ^•*!3L(I in H A o W l ^'3#7l(6a)^lM 

7l^A]S(I r )l- £^«Hr °|Ai(8a)^- ( -#7l ^^#7l(6b)^Ai fS £ ]i, ^ 
^^(I m )ofl a o v 7 | goo^Aj- ^^-71(7)1- 90°^"& 7l^-tl^(I r )# W 

^H(8b) ^ #7l 5i-H(8a)(8b)^|^ #^ tls(I x ' )(I y ' )S^-e^ ji 

3" 3! ^7l(lla)(llb)o)l Z^ZI ^#*Hr 7^3). 3| E ^ 

(9a)(9b)S. ^€ -r 
<70> ZLEjjl, u}#?§ o.7> H^YOOOfe, A/D £^7l(14)# #«fl .2.*} 

J£ ^-(300)3.-^ sfl = 4j^^. f^ yi(I x ')(I y ')Sl #4 a.b^h Ixo.I yo 

H2]J1 ^^x> 0^ e}.^)^^ ^VjI, ol^«-E^ #^-tl^(I x ')(I y ')^ 

4 iL^*>7l ^«g-g; ^SHr *H=I3. = 3..*!H(17)i4, 

D/A £^1(15)1- ^f-*fl ^o 1 "" 7 ) *M33. = 3..*1M(17H*1 t^lfe 2:3 ^i^^l ^ 
Sfl «1 ti^ 2-*} iL^-fOOOJS.-^-Ei 2]cBfl £l ^. #e) Al^( Ix - )(Iy . )o} -g-xjl 

Ixo.Iyo 7 > '0'°1 H^7|(lla)(llb)^, A J"7l D/A £^1(15) 

# f-*fl A o W l n>ol3S HS-iAi(17)^El 3^ ##ofl o] ^ a}.;,] a] 

i2L*> Ji^(300)# ^sfl sqc^S}^ t-^tl^(Ix')n y ')S] a,b7> 

-^JE^ i^sl-^ i^7l(12a)(12bJ 91 A o w l D/A^«-7l(15)l- # 
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efl ^71 nfolHS. ES^I^i (15)3.-^ #3*1 2:3 A o V 7l ^ 

i;>} £^(300)1- ^-sfl ^H^Sl^r t^JKlx'Xly') 4°!^ 90° » 
*fl#3t ^7> '<H £151^ Ji^Hr 3tf Ji^ 71(13)1- ^ul^l-ji ilcf. 
<7i> s-*! . a o >-7] a]^^ ^^-(300)^1 -S-^! Ji^7l(lla)(llb)^ iL^M 
(12a) (12b) H^JI Ji^7l(13)fe, >HS £*15L wfl^^HS. *^^r S. 

<72> A o v-/] U j^t§ iL^^-(300)# ol-g-tt *>■§- ^-8-^1 

£)#4 ^1^(400)^11^ 33 #7l 90°-*H# ^^(200HH #33tt 

(I x )(I y )S.^-Ei Aj- 7 ] #^Al :£ ( Ix )( Iy )^ ^S. a> 52]-, -g-^il I XQ , I yQ ZIBlJl ^ 
^ = o] El^T^l^l- ^ 31^(0 )# ^r*HH 

-^-g-sH Tfl^H^ Hl-id^^^l ^7l5l ^-^(0)^ ^ ^o. ^o]t)-. <5> 

<l<?h °1 a o v ^^ *>M-^ $1#4 31 4> ^-(400) ^, d>oi^5. 2]«fl 4-31 

<73> £E*V, 90°4^ v -£^(200)^1 t^Slfe #5)<0^(I x )(I y )^ ^13. a> bS q. > 

i xo , i yo ZL51J1 sitf*} 0 ^e] eHI^I * ^4 

#^^l^(I x )(I y )Sl g£ cflolEi ^-ofl sfl^Sl^ ^4(0 )# ^r«M 22^^-Bi 
#^<d3L(I x )(I y )°fl tfltb 3#zK0)-§: ^ Hfl oil- (lookup table)S 4 
a^v ^ av 7 ) =loj Efl oi^-^a-ei ^> 7 ] #^Ai^(i x )(i y )ofl sfl^Rr i?l£zv(0) 

-i- ^ si 4. 
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<74>£- id^^H £4 2 ^4~r efl°14 THM14 4^ ^-^l" °m3o.3. 

#4^4. 4°fl4£ £-3-^4, 2 ^4^ 44*1 #^1(100)4 4^ 

£4 *M 4^4*V4. °1 '"8"?-. 90°44 ^^44200)44 #^4fe ^ €- 

^-tls(I x )(l y )^ £■ 24 ^o] $^(0)3 4°J, S4°J 3*fl«i2 

x}^.o] .^jg. ^ji &o_4 90° 4 ^S]-*}- 44 ^>°1 7 V 5-1^4. 

<75>aj7i^, 34 #44s:(l x )(ly)fe 4^4-fr(4b)4 av 4#U/2)4-^ 4^ «fl 

a}4 *1 ^3- #^^lS(I x )(I y )°11 4^ 44lr 

£• £ 34 "£4 44*1 ^o] ZLSlTfl £3. 444 4 A o v 4(0)£r 103- ii 

o| oJ-ii^lE ( arc tan)4 12S^3 ^ Tfl ^ ^ 444. 

<7e>sH*h ^13 7 J 0 1 ^^HHfe ^4^3 4^44 

(2H4 #4€ 44 4 #£33(3HI*1 £44-4 £444 °>ji 4 

f-r ^4^ ^4 34 ^34 ^3. 

< 77 > #3- A, B4 ¥ ^A^r 443 J <Nf°H 3^ -t^ 4£4 * . /? ^ -&^44 
ig^ 3 (3 Hi 44 £443:2 4444, 3^ ^4^ ^£(ff, ^)^r 5. 

^ 314 7.4, #4^ Jl^7l-i;(4a)4 4^4-i:(4bH4 44 #44 * 34 
#-gr34(3)<i4 4443. 434, cf^ a, 0 ?1# A, B 

oil 44 44- 3£ 443. 
<78> 4-4^ ^e]7l(3)<H| 4*11 444£ ¥ 443 34 3S 3-E # 

^S(L l .)(L 2 )# 43 444(5b)-fr f-*fl % 3#3(6b)4 44 ¥ 44 3 4^4 
4^4iLS 3#4£3, n ^44J4I m )^r 344 ^34 134 44 £443. 
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<79> r >.* VAl r >, / m ^(yl 2 +/? 2 +a 2 +p 2 )/2+yl/?co5[A m /+e+(e 5 -9, 1 )]+ylpcos[Aa)/+(e, 1 -e /J )] 
<80> +5acos[A(D/+(e B -e a )] +^acos [9+(9 a -9j] +5pcos(e+9 fi -e p )] 

<81> +apcos[A(or-e+(9p-9 a )] 

<82> #^#7l(6aHl 3l*fl 3#3cr 7|§Al^(I r )^ 33} ^-^^> 

Til ^^1^4. flfil 34 *r*M 1331 I,-, I m °fl^3l 2i^-(DC)^^4 71 Si 

■21^ ^-4 -n-^tb ^ J1^5> ^ (high-pass filter)^ 3} sfl 

^1 71=14 - 

14 3\ 1531- ig-o] -TV^-t}- ^1 £-S- 3.*]&^. 
<84> 14] 

<85> r ^-, Al 7 m xcos(Ao3/'+9) + [(ylp+ J Ba)/(^i?)]cos(A«)0 + (ap)/(^)cos(A(o/-e) 

<86> _ cosCAro/ 1 -^ )+r ! cos (Aco0 + r 2 cos ( Aeof -9 ) 

<87>aj 7 H, (A/9+Ba)/(AB)°lJI, r 2 ^ a & /AB °1 4. 

<88> ^SVAI 15 6J1^ ^*fl 7l£ ^^o] Aj^oljl, ^1^ ^ UjAj^ 

<yo.7l^ "^Olcf. 

<89> o]<>) ^^^ 7 l( 6a)(65 )^«Ei if- nB^o] A]3L(I r )(I m )l- °J ^ ti>^ 90 ° ^ A o V ^ 
^-('200)fe ^1 A o V ^-((9)3l S*}<*1 ^Eflofl 7^ «l3ll§>fe ^lJll- 
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<90> tq-A] 7}^2.(l r )±r 90°^tf ^«:7l(7)^ Sl«fl 7] I r )4 , 7]^a] 

3L(I r )4 90°^1 ^o V ^ ^I^S 4^°^ 44 ^(SaMSbHH # 

^#7l(6b)S^-El ^4fe ^^l5L(I m )S4 44 ^"^^ 6 >2fl4 ^4 16, 174 

^S(I x )(Iy)l- #^ W. 

<91> „_ / =cos(A«0[cos(Aco/+e)+r i cos(AcoO+r^cos(Aco/-e)] 

[t^i 16] x 

<92> r^-L^i 7 w =sin(Ae>0[cos(A«/+e)+r 1 cos(Ac90+r,cos(Aerf-e)] 

[-r^i-i 17J 7 

<93> ol^Tfl #«fl^ ¥ -tl3L(I x )(Iy)fe ^4 ^*H(9a)(9bH 3 §1] J1^4 ^^o) ^ 
T^SH, ##4(0)^: i^Kr 4^4 18,194 41JL(I x )(I y )4 ^4. 



<94> 



[^44 18] ^=[i + r 2 )/2]cose +ri /2 



<95> , , / = -[(1 -r 7 )/2]sin9 

<96>^o^ 18,191- iL^, e^Hr n^^o] ^o. 

<97> £ 14 ^ #2fl^ 7l#ofl i^*}^, fl#4(0)£ <r*M 123.^- &| ^-S^ 

4. 

<98> ZLE^M- ^*VM 12^ 18,194 31 °H 4 A d 44 K) _2_4 4 

«fl l34^ 4#3M- 7^4*1 ^*>4. 44 A 1, ^44 12fe 
7f xi* ^4- ^ A cM14# 344 4-§-€ *r &4 -r^H4 tl <k v ^ 

xl4. 
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<99> 3)6]) A\ £v$^o] ^o) ol^- ojAj-z^ ^o] ,40] f =,40] ^Bflol 

V-MfSaXab)^^ ^ tlS(I x )(I y )7> Hl^ig o^H) 2]*H t^sH 

<SM. ^r«H 12°)1 ^ A o Vz l 31^-8- ^% ^^Hr 3H1 

<100> i^AH^fe ^^>^-^l ^ ol^( ga in)o]i4 3.4) t 90° 3 # ^ 

-t^sjfe -tlsL(i x )n y )i- ^ 20,214 &w ^ sa 

<W1> 20] s(e+ 0^ 

<102> 21] ^=*»»Ce) + ^ 

<i03> c^7l.H, a^- b-b ?1^HJI, I xo 4 l yo ^ P ^ 90° fltfo. 3.^-133 x>o]^- 

<104> o]^ BH(8a)(8b)°1M #^5]^ tlSL(I x )(Iy) 7 > '"3^ 24°J ^ 

jr?} o>i^e)-^ 53 -g- ^M^Kr £ 64- ?H 5!^f, '(H ^>\d 

4 90° 7} o>id ^lJl 0 J-a- <k v ^ $14. iL4 ^SH^Ife 51 7^1 ^ 

H^-gr i^. ^o) #i&S]jL xl^ol tfH^ o^^ol ol^*V eHI 0 ^ oj- ^ 

<i05>^]n} ) ^o] ^§vai a, b4, g^! I xo , lyo a K 90°^ cf-E i?H v 

0^-8: *<m*Ml ° e v ^ $1 , 2-x}7\ iL^€ 0 )^ 20.21S 

-^Ei of^o] ^«vai 221- -frHSH ^ ^ 
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<10G> 22] e=tan- | [cost(sin*+(&/aX/ Jt -/«y(/ y -V)] 

=H &<H. )°.S.^e] o]^. 7 ^(4b)^ €^(L)# ^WtII ^ 

<108> n>o^ i o _^t^ efl o] x-1 .7j-*^l(100HH ^.x>7> &-g- nfl, a ^3. a> b7 > 

I xo , I yo °+ 90°^ 0 7> '0'<il ^-f^fe 227} ^ 

<i09> .g.ifls. ^ o] -i- ^*H1 XH, 51 42] Hoi ^^-i- ^1*3: ^4 Vz J- sj-^l^«HH 

54 ^o]. ^£2] JfcL^ &o] n] A|(8a)(8b)S-^-Ei #^5]^ #?^iL 

(I x )(I y )# e]^(8a)(8b) ^£] A/D ^71(14)1 ^sfl ^ fltfzj 31^ 

-fUOOH 7fl^V-¥-(400)fe- ^71*1 #^<dS(I x )(I y )s4 HS.^-B] 

7H)<Y& ^7^1^-1- ^*vai 92^] ^-g-^H ^ #^^ls(I x )(Iy)°fl 

^^(^)-i- ^ ^l^H #^*fl(100)*lHsl fi-^^- 5U-° 

14, O] ^4- ^ <2j-.il 921- T^H^t-fl Al^-o] iO S |H 7]1S ^ ^ 

^l-<4 221- TflAV*}^ ^^>1- J±3*Hr ^-TH 3-§-*}-^ 

<no> tin} 4^. t±ll# £ 4<HM^- 2°1 ^ A i(8a)(8b)S^-^ 

•aiKIxXIy)^ ^ c -fl°l E i #3 ^ A o Vz K60^8: ^r«H 221- 71^5. n]e] 

tD^SH 0.-40] oj 0 | o^aVzv ^a1«.( 400)01] <£&s\o] oj- Efl 

oll-(16)oll ^^(8a)(8b)S^fEi tl3L(I x )(I y )7> 
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<m> cfAl eHr}^, nfolaSSSi^l- i*v^>^- ^#"4 11^(400)^ A/D ^^7] 
(14)1- ^-Sfl tlS.(I x )(I y )^-gr 8^ <dJL(I x )(I y )3Hl tfl 

-b r-floiEi ^A o kz> ( ^)^- n>o]a.si hs^I H* -7*1 & 31^(400 Hi 

^l^H ^ ^l 0 ll-(16)5.-¥-Ei 22^1 9]^} 

^ ^ &°)5. ^^(^)-g: 'S ^ 

<H2> o]^ ^ *M -!■-§- ol-g-sl ^ M^llHl . 7 >#7ll ^l^-^-i: 7l> *r SI 

^-M-, a,b^ I xo ,I yo ^ ^7^1^71- ^*Rr ^ 7^-f 

<H3> u>ot ( ^^-ii 20.2H-H sH(8a)(8b)5.-M #&]slb #^-?0Jl( I x )( I y )-t 

10,11*1- ^EflS JsL-U-g- ^ ^. b7> t 

-H -g-4! I xo ^ Iyo 7 ^ '0'°1 2:^*>^, ^r«M 22*11 3 «fl Tfl^M ^ 7 1 

<1M> 120II fl^-i- 7-*Rr W-i^ ^^.ss #<3*> 

7> ^^^1 *H 7>¥*> 7H1 ^Sfl^O.S. ^*}*\ 
<115> c 5 ofl S^ig, 90°^ A o V ^^-U'OO)^^ #^£lb ^ #^^Jl(I x )(I y ), ^ 
^El(9a)(9bHH #^£lb ¥ #^ilJL(I x )(I y )b «l<d^ SL*\ 
(300)^1 -g-^l iL^KllaHllbHl zj-z}- ^^Ml 



46-24 



1020010052030 #^ 2001/11/19 

<H6> JilMUlaHl oj^^ tl^(I y )^ 7^ iL-IMUSa)^ 3# H^7l(l3)« 

#«fl 3)-§^0.3. iL^£ tl5l(I y ' )S. A/D ^^-71 ( 14) ofl <5]3f) n>o) 

35.S^H(17H] ^^SlZL, ii^7l(llb)<Hl #^-tlSl(I x )fe & 

21 3 7l(12b)^-i- -S-*H #^aJKIx')^ A/D ^^-71(14)^1 £]sfl n>o] 
HSil-i^ (17) ofl °^S]7ll ^cf. 
<117> ^ °]o] xlS. hi^7l(12b)^l A/D ^^71(14) 

oil ^*ti A o V ^5L Wsjo] n>ol£i^ n ^ *) ( 17)ofl oj s3 5 ] ^ ^ o] t} 

. o>ol=LS. = S.>*11^(17)^- ?J^- i^7](12b)^ ^ Ji^7l (13)5.^31 

t^^dx' )(I y ')# 7]^.^ *H ^13. a>b sq. £^ Ixo> IyQ ^^-^ 0 -o] B} 
€^1^1- ^1^>J1, Ti^-, ^tf ^ Hl<d*8 i^-i- S.^*>7l W 

^(feedback voltage), iL^-fr ^tb Slj *i°J-g- 13}S>7f| 
<118> c]~g-, n}o]=L5-SS^H(17)^r 7i° y v . ^ D/A ^7] 

(15)1- -f-*H i.*> a. ^-¥-('300)5. 3]je.««a1^ 90°fl# ^^-(200) ^, ^ 

*|(9a)(9bHH #^^l^(I x )(I y )^ zl^zl iL^*} 

<H9> v\ a] o>o]3S.=LS.-«fl-H(17)S.-?-El ^ D/A ^7l(15)# 

^-«fl JSMMdlaKllbH '44 ^^H, ^^(9a)(9b)S-¥-E-1 # 

^^S(I x )(I y )^ Ixo^f I yo 7 > *0'°1 ^Jg5)7fl H^, n>o]a.S 

iE3.^Hd7)3.^-Ei #^5} ^ ^ovc) d/a ^^-71(15)1- -g-^fl J±1M 
(12a)U2bHl 44 <^sH, iL^7l(lla)(llb)l- #^tF ¥ 
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(lla)(llb)4 ^7l(12a)(12b)# 3= ^aj x\ jr( i x - )( Iy - )<£] ^ 

A o v *M7> 90° 7> q-JE^-. ^ ^-^K^)7> '0' °1 i^^q. 
<i20>i42}a^ tf^TflUOOHM tl^(I x )(I y )^ ^ a,b4 -g-^ I xo , Iy 0 

H^Jl ##*l-(^) ^ «1^ 2^*1-7} Hl^^ Ji^-*jM 300)^1 Sl^fl 

10,11^ ^T^T ^H]|0] A]^ 7 > ^Cf. 

<121> #713: T #^^lS(I x ')n y ')l- fltfZ* 31^(400)^ Ml^Sl ofiELHl- 

^(arctangent function)!- ^ ^1^5.^1 ^«fl ^SKr fl#-S: 31 

^Jl, oil- -7}^ *H ol^-7l^-(4b)Sl °l^-g- ^l#*>7ll ^4. 

<i22> ^ hv^o] ^A]ofls.^fe iL^Jf(300HH -S-^l 

(lla)(llb)S} J]^- 3i^7l(12a)(12b) ^ v SL-D 71(13)3 ^« A iS 

Wfl.xl5>c^c ^ 42.3^ - oln}.. 

<123> 2i wV-^o} ^^-Al^^- J= 52^ ^-Tgofl ojtr ¥ 

o] ^ X-1^2> ^Ei(9a)(9b)2?-^B-1 #^£1^ #^ I x )( I y )^ til*^ .2. 

^ iL^^(300)S^-Ei 3^3-2-5. #^^lfe #^Aj5i(i x ')(l y ')# zT-4 

c-flolEl <a#^Ji=(data acquisition board) 21 A/D ££r7l# ^-sfl ^^-a] 

21 ol 22.x} a.^ ^(300 HI 21 *V Ais-, ^ ^^0.5. al^^ o. 

47> *H7l£ 14* aq^ej *v - oicf. 
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<124> a f zv taA]i(i x )([ y )(i x ')(i y ')2] i^>( residual error)* 

^ #^^5l(I x )(I y )fe SL*}7} ^B)7] o)# t a ^EflS] 7)<£S,^ 

# ^ Xl^r 'dJL°|Jl, #^^]5l(I x ')(I y ')fe -2.*}- 21^(300) 

el] o]«fl -g-.^l, -g-ol ii^Sl<H UjA]^ £.*> 7 > Sf-olf- 

^ S^. 

<125> ojE^ ^^Aj^-g- fl^fe 5L 5^ 2 eflol.x) H-^ Til (100) If 

°H °l-g-^-i:(4b)^r 3)<>fl2: ^^7](Piezo transducer Hi 5l§fl °Hr ^ z}c>l( 

<126> ol^^(4b)^l ^l^Rr ^1 ^^1^-8- 3fl-ElSr z\^5i\- ^Ei(9a)(9b) 

S-f-E^i #^A]^(I x )(I y )5} tij^ SL*} 21^^(300)3.^51 #^Jl(I x ')(I 
v')* 44 ^0} ^sVai 20,21^1 E^^ofl ^-g-(fitting)*H 4 # 

^ tlS(I x )(I y )(I x , )(I y ')oll Cfltl B^Tfl^S 44 ^?r4. °1^M1 A% 

*r*H] 122} 22^1 44 tfloj^H 44 ^^-i- ^ ^51 12<4 

225. ^l^Bi -ils(I x )(I y )2f AlSCIx^dy')^ rfl 

oj^o] M. Hl-ti^ j2_* r 21^ J2.*r4 21^ ^ ^fol^ 0_7>* 

(I x )(I y H cfltr l^Hr 3^J°-S a^slji, ti]^ 21^^(300)51 
Jl(I x ')(I y *H tfltr ^Sf^r 5*1 3 <H &tK 
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<128>^, 5. 84 ^144, 44^ .£4 Ji^OOOH ^14 *H£, 44 ^1 H 

^o] o^-O^ ^0.0] #53A]s(I x ')(I y ')7> til^^ isf iL^ ^-(300)^1 44 SL 
44 ol=-^^7] 444 #^A|^(I x )(I y ) JiCf ^4 Sj-^ *H?-.SLSM- 7 >X1J1 ol 

4 ^ °a4. 

<i29>^- ^t^o] ^ ^40.3. -g-444 4*fl 2 ^4^r 314*1 ?HM1(100) 

4 &4 4 4-g-%^ ^ 7 14 #4°fl 4^445- 44. 

<i3o> ni^, o|o^ ^jq. D }^ 7 ^|s 2 ^4^ T>4 31(lOO)-& M4tr T- 4°lls 44?1 
1- °l-g-44 °l^.^-i-(4b)-i: 4 44 °1^4 4^*1 S. 59] 2 ^4n^ 4^ 

31(100)^ El <244 ^ ^4 #^y^(I x )(Iy),(I X ')(Iy')4 ^^-8"^ 44 

4*1] ^4 #^-1: tl^44 ^44 «a^*>7H ^4. 
<131>^o] #^AlX(I x )(I y )4 ^IH^E, a ^*VAl 12S _ 4444 <£44 ^, til*} 
*j -£-44 iL444 ^ 4^4^:(4b)4 4*44 ^-g-^g 44 
3-§r -^-g-C linear fitting)*! 444 44 4 £ 944 +4 £444 

014. sua, 2 ^4^ 314*1 44^11(100)44^ 44^ Slx}3. 44 ^ 

43 4 4 sinusoidal wave)4 4^4 *j4-§-4^ 4°1 #*J 7 14 44^ -2- 

44 4~ 444 -2-41- £ 94 naUH44 444 4 1 44. 

<i32>c £ ^ > H |.^^ j±^4(300)4 #^4J4I X ' )(I y ')4 ^a^i, ^ 4^44 
12s 4444 4 44*1 5-4 a.^-¥-(300)^ 44 -g-4, 4#, 44 *# 
iL44 43H144 4-^4^(4b)4 ^4-§-^ 44 ^^44 M-i: 

544 ^-g-(5 th order polynominal fitting)*! 444 444 -£ £HH 44°-^- 
5444 44. 
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4. ^, <>lfe £ 2 B*M*1 #M(100)Sl -2-^7> 

<134> £ 84 £ 9<H1 ^^>^, 2 3H*1 #Aj 7^1 (100 )^1 Hl-?d 

<i35> , M. i^^ofl o^§>^ 90H ^-#^7] 2} #^3L°fl cfl$ -g-Afl, ^1^., ^ 

<136> o].^oflAi ^ o. 7]7fl ^ ^fl^O] ^A]oflofl tfl^^nV Aj-^ ^^^oj^n]- £ 

^3 7l# A}AV «^ cfo o t*> ^ 7>^£r ^-^7Hl i 51 

°H ^ ^ ^€ ^H^U^H 
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[3^*8- l] 

2 ^aHr IHIW 90° 3 # ^ 31^-1- ^«1§H, 

^ ol^-g-ofl - eflol^ #^o] L^os ^€ ?J°1 ^ o. ^ 

£ t^ ^igi ¥ i%o}*\ %^$\ M€ 7 l^tlJ:(l r )^ 

90° 3 # €^ 7l^.il5L(I r )§ ^ JL^Z} lE^§H 

^•71 90°^tf #^^l-iL(I x )(I y )fi1-, ojofl lfs]a| o}i=. ^] 

4 a,b^ l xo ,l yo HtL\jl <p^$] eH^tI- 

e=tan- 1 [cosHsin ( |,+ (6/oX/ jc -/ jco )/(/ ) ,-7 J , 0 ))] 
2] 

2 ^sK= Eflo].^ LK!W 90°^^- ^ Tfl^l- ^l^M, Jl3 

^ oj^^^ofl aVAVsl ^ Eflol^ ^.^o] .^ojg. z)ol 

^ t^ yidjl ¥ ^*Hr Eflojx-] %4?2] 7>^o.S. ^£ 7l^ils(I r )^ 
90°^ # ^£ 7)^A]s(I r )l- £^ * ols-^w-Ei ji^s> -'^-g- ^E^H 
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4 ^ Ixo.Iyo -^ul ^ A o^> 0^ Ef^^l^-t ^l-JL ol E}-^ 7fl^Sf ^ 

S. 4 #^dJl(I x )(I y H tfltl- ^ cfl oil; (lookup tabled *H^M , 3#zK 
0)^ ^ tf- 7 l 90°^# ^IH^H #^^ls(I x )(Iy)^ ^ v ^ 

o}^ 3#zK 6 )-g- #71 ^ Bflol^^Ei tlolifl^ J^ilS ^ 2 ^ 

4^ A °1 ^ -7*^ 741 A I ^ 2 °1 ^ -i" ^ #4 # 3 H o^ • 

e=tan- 1 [cosKsin^+(6/c7)(/ ;c -/ jto )/(/ j7 -/^))] 

[%^# 3] 

^til*H, Jl^ ol^Tl^ofl «Va}s} ^ eflol^ *3#€ 

7i°l 3$ ^^^^(I m )°ll ¥ T*Hr 3H*i #^°-3- 7 1 

^l(I r )^ 90° 3# £^ 7l^A]Jl( I r )l- ^tJ-^ ^ °lt^El ^ w 

* ^ e o'*H t-^il^(I x )(Iy)# ^^^al, ^l^S^-Ei ?J ol 4§^ -g- ^ ^ ^ aV 
Z}-(0)-g- =^i}^ 2 ^S}^ Vftc]^ ^-^T^HlA^ 7jol ^.g. ^1*1 HlAj^ o_x|. 

# 7 1 «1^ JSL^tHH #^^S(I x ')(Iy')^ a,b^ 

i xo ,i yo nelji $i#*> ^3 ^Hl 31^-1- ^l#*>fe *fl i#31; 
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^7} #^jl(i x ' )(i y ')^ ^n^s-^] #^^i^(i x ')(i y ')si ^ 

#^S(I x ')(I y ' )^ -g-^jl I xo ,Iyo 7 > '0' o l ^ a,b7> ^^*V 7>*M 

, #^^X(I x ')(Iy*) 4°HH 90° # 3tf*> 0 7> -O-ol £]SL^- li^Rr 

4] 

o 2*sttf. Z.]}0)Z\ TV^TflS} 90°$$ -&% VJ f , 5-*> S.^^-, Sltf^ 

# ^ti]5H, Jl^ ^ Ol^T]^) tilAj-5} ^ ^S}-^ %^<2] 7j^C.3L ^ 

W ^^^l^(I m Hl ¥ ^r^Hr 
3 ^4(0 ?*Kr 2 efl°l*l ?I*MHHoi goi ^g-g; oj*i * 

a]Aj^ Ox} ji.^wLofl^ #^-tls(I x )(I y )2] a ,b^ -a-^ 

I xo ,I yo ne]jL fltfsl- tff-s] Ef^ 711^1- *fl-&*>fe ^ i^Tfl; 

#7i t^tUdx'XV)^ e^t^s-m #^<03i(i x ')(i y ')^ 
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t^ ili(I x ')(Iy')s] -g-^i I X0 ,Iy 0 7> 'O'o) sjji, ^ a ,b7> ^H*V SJt-g- 7}*H 

. #^^S(I x ')(Iy') A >°1°11 A i 90°!- SMVf ^7} -Co] Ji^Rr 

i 3£3|; £ 

f?Jyi(I x ')(I y ')5j -g-^Jl, Ji3€ #^^15L(I X )(I y )# o> 

1- £#SHr ^-1: ^ °-S. *}±r 2 ^s^r tf^HH^ 7 Jo] ^ 

9=arctan(/ > // je ) 
5] 

^ ^-4^ eflo]*] #4=^ 7i^-^ M€ 7l^y^(I r )5f jl^ ^ oi-g-71-g: 

(4a)(4bH «>4^ ¥ ^*Hr 3 *H3-°S M€ 7 J°1 ^tt 

fl^lS(I ni )t #§^Kr 2 sfl °1 ^ ?i^^l(ioo); 

^ ilJL(I x )(I y )» 90°## £^-(200); 

Hl^d^ iSf J±3"(300HH t^tl2(I x ')(I y ')t 3] £L^h>o|- av 7 ] 

t^tlsdx^ny')^ a ,b^, I xo ,I yo n^Jl ^ A o v ^l- 0 ^ ^711 
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I X o,I yo 7 > '0'°1 *m a ,b7> ^^*V n^l^, «^3L(l x ')(I y 

') aM°H>H 90 °# 0 7 > '0 ,o l ii^h^ upd^ .y.^ 

^(300); ^ 

^^^-(300)S-¥-Ei #^t]^(I x ')(I y ')l- °V£fl^ ^ 

tj-.iiofl ^-g-^H $^(8)^ ^SRr ^1^(400); 

9= arctan (/////) 
6] 

#MU00)fe, ^A^A ^3- 4^ £#^£-1- £fe 3H*1 

(<wi)(« 2 )-i- t2*Hr **M*Ul); 

-f-^fl %3#7l(r> a H 7l^^s ^ -g-elsHr #£-^71(2); 

S^SH *H(tfa^ 90°^ ^«r 7 l(7)^l zfzj- ^^Rr %^#7l(6a); 

* ^«fl #3# 7 ] (6b)<Hl ^*Rr ^^7K3); ^ 
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)«- (8a) (8b HI AA ^^#7] (6b); 

[-U^g- 7] 

■£7l 90°fltf £^¥-(200.)^, #7l #3#7](6aHH 7l§^]Ji(I r )-& 
90°^# ^€-^1^ ^ H (8b)^l ^-*Rr 90°^ ^- ^si-7](7); 

7l§'tl^( I r )# ^§Rr ^i^(8a); 

%y\ M# 7 l(6b:HH t-l A Ji(i m )l A o v 7i 90°^^ &&7)(7m 

90° ^€ 7l§A]sri r )l- ^^Rr ^-*1(8b); ^ 

^H(8a)(8bHH #^^^(I x )(I y )S.^-E^ i^2> 

*H S-Jfl iL^7Klla)(llbH -^-4 ^-g-*)-^ ^Ei(9a)(9b); 
# iOT-fe 3^ ^"71 2 ^s^r efl°l7i Tl^TjHHs] ^ 

8] 
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Hl^d^ SL*} J±^^-(300)^r, A/D €*7l(14)l- -f-sfl «l<d^ -2-7}- iL^-¥- 
(300)£-¥-b] 2|H»wsl^ #^^JKI x ')(I y ')^ a> b^, -a-^! I xo ,I yo 

3#*> Ef^^l^l- ^*>jl, o] S «Ei #^3l(I x ' )(I y ' )£] ^1^4 ^jl, 

#$^r J±^*>7l ^ T^lsfe n].olHSSS^|^(i7); 

D/A £ 3:7] (15)1- f^fl p]-o1=l^h^]^( 17)^1^ #^Sl^r #«g-ofl o] 

*fl ^7l a]^^ J±3 -¥-(300)3.-^1=1 sr)^^ #^-tlSL(I x , )(I y , )Sl 

I xo ,Iyo 7}- -O'ol iL^*>fe ^ H^7l(lla)(llb); 

A J"7l D/A ^7l(15)«- ^*fl u>o]£i^. SS.^]^(17)^Ei 2:^ 

^*a-°fl A o v 7i ix} ti^«-(3oo)i- = #^yjL(i x 'xi y 

^ a,b7> ft-i- Ji^Kr ^^7l(12a)(12b); ^ 

^•71 D/A^«:7](15)-i- M ^-71 nHfisL S.S. *]}*] (15) S.^ #^£)tt ^ 3 
< a-°fl A oM ^-¥-(300)# ^-sfl 5i)^«fl£l^ t^'ilJKVHIy') 

'4°HH 90°# 9H\4 . 0 . O ] j^^Kr ^aj. £L37l(i3); 

1- SWfe ^0.5. Sfe #7] 2 ^^Hr ^H*} ^BJtH^oJ zjo] ^ 

-&• W ^ 7}- ^ -^ Al^tfl. 

9] 

'o V7 l 11^(300)3 -g-^ji J±^7l(lla)(llb)2}- ^ H^7l 

(12a)(12b) H^JL Ji^7l(l3)fe, 4€- wfl<i 7>^*1 ^-g- ^-^) 
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S~ Efl 



46-37 




46-38 



1020010052030 



^ 2001/11/19 




46-39 



1020010052030 



%^ 2001/1 




46-40 



1020010052080 



2001/11/19 




46-41 



1020010052030 



#^ 2001/11/19 



[£. 5] 




46-42 



1020010052030 



2001/11/19 




46-43 



1020010052030 



#s3 <y^ : 2001/11/19 




46-44 



1020010052030 



2001/11/19 



[IE 8] 



— , r— 1 i 1 1 

200 250 300 390 400 



50 



— I 1— 

100 150 



46-45 



1020010052030 



2001/11/19 




46-46 



1020010052030 



3 2001/11/19 



[SSI] 

ten a en 

[HHEJ2J3E] 
[SS?|gi^H£] 
[Af>!°l SAI] 



[fiSi AiHJ 
[*IXI] 



SAilAi m £§Ai 
2001.09.25 

3-1998-007764-4 

9- 1998-000234-8 
1999-041592-5 

10- 2001-0052030 
2001.08.28 
2001.08.28 

2 aioi» 

OIS 0lg°[ UOI 
AI^^J 

1-1-01-0217321-01 
2001 .08.28 

°l SS0II2ISK)1 ?l2f 2 01 UliiLID. CH 2J 

bj- Dj- ^ ( Oj ) 



Zl^^lOIIAioi !• oi ^§1 



3-1 



1020010052030 



&! mi\- 2001/11/19 



[ 



0 £J 

0 Q 

0 a 

0 S! 

1. SSLHee ISofe k\m_]- 



3~2 



1020010052030 *a <y^ : 2001/11/19 

[*r«H 18] 

/ ;r =[(i+r 2 )/2]cose+r,/2 

[Ji-Mtf^] ^#3. 96 

-2, r^l ^]sfl ^3°1 o]^^^- 03. - 014. 



3-3 



